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Abstract 
The study area lies in NE Sudan along the eastern coast of the Sudanese Red Sea. The coastal plain is geologically characterized by 
Cenozoic siliciclastices and shallow marine rift related sedimentary sequences. The main subsurface stratigraphic units in Suakin-1 
Well from bottom to top are: Basement Complex (Cambrian), Kareem Formation (Oligocene), Belayim Formation (Late 
Oligocene), Dungunab Formation (Miocene), Zeit Formation (Late Miocene), Wardan Formation (Late Pliocene) and Shagara 
Formation (Pleistocene-Holocene). The study of the clay minerals has involved two analytical techniques, X-ray diffraction (XRD) 
and Scanning Electron Microscopy (SEM). Three clay rich samples from the study intervals of Suakin -1 well have been analyzed 
with the (XRD) technique. In addition two mudstone, claystone and sandstone core samples from Suakin -1 well have been 
examined by (SEM). Reservoir quality of Zeit Formation (interval 1720-8790 m) of Suakin-1 well was affected positively) 
increase secondary porosity) and negatively) decrease primary porosity) by several diagenetic processes. These processes include: 
mechanical compaction factors (grain slippage and crushing of the ductile grains), quartz overgrowths, precipitation of siderite and 
calcite, feldspar and clay minerals authigenesis, dissolution of carbonate and of the labile detrital grains and clay infiltration. The 
reservoir quality of the study intervals was not only affected by the above mentioned digenetic processes, but also in a large-scale 
by the type of depositional environment, which controlled the distribution of the facies types within the basin. Classification of Zeit 
Formation based on the texture of the matrix, character of the visible pore structure and the constituent varieties. It is consists of 
three units reflect changes in the paleo depositional environment they are: Upper unit Calcareous Sabkha, Middle unit Siliceous 
Sabkha rich in organic matter and Lower unit Mixed Sabkha deposits. 
Keywords: Digenetic processes, Reservoir, Clay minerals, Depositional environments.  
 
1. Introduction 
The study area lies in NE Sudan in the Red Sea State. It is 
bounded by longitudes 37o 30′ E & 38o 15′ E and latitudes 19o 
00′ N & 22o 00′ N.  )Fig 1.( .The main physiographic features 
in the study area are part of Red Sea Hills in the west and 
coastal plain in the east . The Sudanese coastal plain is 740 km 
long, generally 20 km wide but increasing to 40 km at Halaib 
area on its northern edge and to 50 km at Tokar Delta in the 
south. The coastal plain generally has gentle topography. It lies 
between the Red Sea and the erosional scarp that bounds the 
Red Sea Hills from the east. The coastal plain is predominantly 
made of interdigitating marine and continental deposits of 
Pleistocene and recent age, including raised coralline limestone 
near the shoreline and thick, very coarse, angular terrace 
deposits near the foot of the Red Sea Hills. These sediments 
overlie unconformably the Tertiary deposits of the Red Sea 
littoral (Whiteman, 1971). The main features of the coastal 
plain north of Port Sudan are the presence of several isolated 
outcrops of clastic and carbonate deposits; these include the 
Low Conical Hills, Eit outcrops, Jebel Saghum, Jebel Tobanam 
and Jebel Hmamit. These coastal hills are formed almost 
entirely of carbonate, gypsum and clastic deposits with a height 
of over 100 m and they extend north - south. The southern 
extension of the Low Conical Hills trend in a curve - shape 
nearly to the eastern escarpment of the Red Sea Hills. The 
width of the coastal plain in the study area is about 16 km. It is 
generally flat to gently sloping towards the Red Sea, 
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interrupted by scattered sedimentary outcrops and ridges 
consisting of continental and marine sediments. The study area 
is covered mainly by recent deposits, characterized in the 
north-eastern portion of the area mainly by sand dunes, alluvial 
terraces and sabkha deposits near the Red Sea shoreline. The 
eastern and northern parts of the area are flat and covered by 
gravel terraces of basic and acidic origin, except in the main 
course of Khor Eit, where the sediments are smaller in size. 
The Red Sea is a long narrow marine basin, with a total length 
in Sudan of about 740 km. It extends from the Eritrean border 
in the south to the border with Egypt in the north. Its maximum 
width is 306 km. The Red Sea is the eastern boundary of the 
study area, with a width of about 148 km in the study area.  
 
Fig. 1. Location Map of the study well. 
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2. General Stratigraphy 
The stratigraphic frame work of the Sudanese Red Sea 
Cenozoic strata have been established through a series of 
studies since Carrella and Scarpa (1963), Sestini (1965), 
Bunter and A.E.M. Abdelmagid (1989). The stratigraphy of 
the study area constituted by the following lithological units 
from bottom to top (Eltayib, 2016): 
(A) Basement Complex (Cambrian): The igneous rocks in 
Digna-1 well are mainly metamorphosed from intermediate to 
basic igneous rocks (lower metamorphic facies). The 
Basement has been also reached in Durwara-2 well.  
(B) Kareem Formation (Oligocene): It is mainly defined in 
Durwara-2 well represented by sandstone and shale with a 
thickness of about 542m. The section unconformably overlies 
metamorphic Basement rocks.  
(C) Belayim Formation (Late Oligocene): It is encountered 
only in two wells in the study area, Durwara-2 and Digna-1 
wells with different facies. In the Durwara-2 well, the 
Belayim Formation is represented by sandstone and shale at 
the top and two main anhydrite beds at the bottom separated 
by shale interbeds. It has a thickness of 527m. The lithology 
changes to mainly carbonate facies intercalated with thin 
anhydrite and shale beds in well Digna-1 well with a 
thickness of 429m, dated as undifferentiated Belayim-
Kareem.  
(D) Dungunab Formation (Miocene): It is composed of a very 
thick sequence of evaporites (rock salt and anhydrite) with 
thin beds of shales. The thickness ranges from 300-900m. The 
Dungunab Formation is represented in the study area by 
massive salt section ranging in thickness from 300m in 
Digna-1 to about 870m in Durwara-2 well. 
(E) Zeit Formation (Late Miocene): Top of the Zeit 
Formation is defined based on the first thick anhydrite bed. It 
is represented mainly by rapid intercalations between clastics 
(shale and sandstone) and evaporites (salt and anhydrite). The 
average thickness of Zeit Formation is about 1800-1900m. 
Based on the lithology of Suakin-1 well, the Zeit Formation 
could be subdivided into three main units mostly separated by 
unconformity surfaces. The Upper Zeit is characterized by 
dark grey shale with anhydrite, salt and sand intercalations. 
The basal part of the Upper Zeit is marked by a vari-colored 
course grained sandstone bed that might represent an 
unconformity surface. The Middle Zeit is represented by light 
to dark grey shale, siltstone and thin evaporate streaks. It is 
characterized by the dominance of red shale with a relatively 
thick red shale bed near its base. The Lower Zeit is topped by 
a relatively thick evaporite unit about 80m in two beds at 
depth 2683m in Suakin-1 well, which is correlated to a 
thinner unit (about 20m) at 2558.5m in Suakin-1 well.  
(F) Wardan Formation (Late Pliocene): It is dominated by 
sandstones, shales with siltstone and thin carbonate interbeds, 
and evaporite streaks. The thickness of Wardan Formation 
ranges between 410-1140m.  
(G) Shagara Formation (Pleistocene-Holocene): It is 
represented by mixed lithofacies consisting of marine 
sand/sandstone section intercalated with claystone, partially 
with thin streaks of dolomite, anhydrite and limestone. The 
thickness of Shagara Formation ranges between 217-1240m. 
 
Fig. 2. Lithostratigraphic column of the study area (modified 
after Eltayib, 2016). 
 
3. Objectives 
This study deals with the effect of diagenetic processes in 
reservoir quality of Zeit Formation. The main objective is to 
determine the clay minerals assemblages and to infer 
information about the sedimentary evolution in term of 
palaeo-environment, diagenetic processes and depositional 
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environments. The objectives behind the SEM analysis are to 
define more precisely the detailed mineralogical textures of 
the minerals within the pores and infer information about the 
evolution in term of depositional facies. 
4. Material and Methods 
Three samples were selected from the conventional core from 
Suakin -1 well for analysis by X-ray diffraction (XRD) and 
fifteen samples have been selected for Scanning Electron 
Microscope (SEM) examinations. The samples were selected 
during the core description and lithofacies analysis. The 
identification of minerals was based on their optical 
properties such as colour, form, relief, extinction angle, 
pleocroism, twining and bifringence. Ribbon traverses were 
drawn on the slides to facilitate the counting of the minerals 
for quantitative estimation of the minerals percentages in each 
slide.  
5. Results and Discussion 
5.1. Clay Minerals Analysis 
According to Chamley (1989), Tucker (1991) and Moore & 
Reynolds (1997), clay minerals are hydrous aluminosilicates 
with layered structures that constitute a large part of the 
phyllosilicate family. Folk (1974) proposed three definitions 
for clay, based on particle size, chemical composition and 
petrographic features. Brindley and Brown (1984) considered 
the clays as natural, fine-grained (< 2μm) and earthy 
materials, which are sensitive to pressure and temperature 
conditions and to variations in the chemical environment 
(sensitivity expressed as crystallographical and mineralogical 
changes). Weaver (1989) suggested the term physil 
(phyllosilicate) to be applied to all sheet silicate minerals. He 
believed that the term has no size connotation. Clay minerals 
are formed directly or indirectly from the hydrolytic 
decomposition of primary aluminosilicates and constitute a 
major part of claystones, mudstones, shales and argillites. 
(A) Kaolinite 
Kaolinite is identified by its 7.1 Å and 3.58 Å peaks in the air 
dried X-ray diffraction patterns, which are unaffected by the 
ethylene glycol treatment but are destroyed after heating to 
550°C (Chamley 1989; Moore and Reynolds 1997). The clay 
mineral kaolinite was recorded in all of the investigated 
samples with variable percentages ranging between 93.13 – 
93.29%. Some of the kaolinite appears in the SEM 
micographs as pseudohexogonal books arranged face-to-face 
into an elongated stacked form called “verm” (Plate 1 b,c,d,e 
& f). This vermiform morphology, combined with the typical 
kaolinite EDX specturm which was observed during the SEM 
analysis, provide an easy diagnosis for kaolinite (Joann, 
1984). However, other SEM micrographs show eroded 
crystals of kaolinite (Plate 1 a). In some of the SEM 
micrographs the pseudohexogonal plates or books of the 
kaolinite fill the pores between the detrital grains. Some of 
these books are separated and others are linked by ribbons or 
sheets of illite, illite/smectite mixed-layer, smectite and 
chlorite minerals. According to Chamley (1989), kaolinite 
mainly forms in surfacial environments through pedogenetic 
processes. It may also form in lacustrine environments from 
the alteration of K-feldspar in acid organic-rich pore waters 
(Tucker, 1991). Moreover, hydrothermal alteration of 
Alumosilicates, especially of feldspars, may also form 
kaolinite (Moore & Reynolds, 1989). According to Keller 
(1956) and Weaver (1989), kaolin minerals require for their 
formation the efficient removal of the metal cations and 
presence of H+ ions. These conditions are favoured by strong 
leaching in the source area, which implies abundant rainfall, 
permeable rocks and favourable topography, and hence, 
evacuation of the Ca, Mg, Na and K ions. Climatic conditions 
favourable for the formation of kaolin minerals are essentially 
tropical and subtropical Keller (1956). The vermiform 
morphology besides the sharp peak patterns of the kaolinite in 
some of the XRD charts (Fig. 3) indicate that part of the 
kaolinite is monocrystalline (Pettijohn, 1975; Weaver, 1989), 
which means than it has been authigenically formed. The 
vermiform morphology was formed due to the complete 
alteration of the K-feldspar in the organic-rich horizons e.g. 
noted in the SEM micrographs for the samples from Suakin -
1 wells (Plate 1 c & f). However, some of the kaolinites in the 
studied intervals are detrital, as noted in the SEM micrograph 
of a sample from Zeit Formation. The detrital nature of the 
kaolinite is supported by the relatively flated kaolinite peaks 
in some of the XRD charts (Fig.3). 
(B) Illite 
Illites were identified by their basal diffraction at about 10 Å, 
which is neither affected by ethylene glycol treatment nor by 
heating. However, some illite clay minerals may show 
expandability of approximately up to 5 % (Chamley 1989; 
Moore and Reynolds 1997). Illite occurs in most of the 
examined samples throughout the study intervals. Its 
concentration ranges between 3.73 – 3.82 % (Table 1). In 
some SEM micrographs illite appears as irregular flake-like 
clay platelets forming a “scalloped” habit (Plate 2 a & b). The 
“scalloped” habit and the typical illite EDX specturm provide 
an easy diagnosis for the illite (Keller et al., 1986). In other 
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SEM micrographs, illite appears as thin filamentous ribbons 
forming a mat, partially coating detrital grain surfaces and 
also bridging the pores and hence creating permeability 
barriers to fluid flow (Plate 2 c & d). According to Moore & 
Reynolds (1989) and Chamley (1989), illite is considered to 
have more Si, Mg and H2O but less Al-tetrahedal layer and 
less K-interlayer than muscovite. It is principally formed 
where the parent rocks are essentially acid igneous or their 
metamorphic equivalents. Illite is not present in sedimentary 
rocks derived from basic rock terrain. Rarity of rainfall and 
hot climate conditions favor the detrital formation of illite. 
However, the diagenetic replacement of muscovite by illite is 
favored in clean washed sands but that of feldspar by illite 
instead of kaolinite appears to be favored by ion-enriched, 
less acidic pore waters. The “scalloped” habit of the illite, 
which was noted in some SEM micrographs of samples from 
the Zeit Formation indicates, that part of the clay mineral 
illite in the studied intervals is detrital and formed during 
intermittent hot dry periods, which prevailed at the source 
area (Plate 3 a & b). Also authigenic formation of illite by the 
alteration of muscovite and feldspar cannot be excluded. 
(C) Smectite 
Smectite occurs generally in much lesser amount in 
comparison to kaolinite. The mineral was determined after the 
glycolation, when the d-spacing of its basal reflection (001) 
expands from 15 Å in the normal pattern to 17 Å in the 
ethylene-glycol solvated pattern (Chamley 1989; Moore & 
Reynolds 1997). The concentration of smectite in the 
investigated samples varies between 0.86 – 0.88 %. Higher 
amounts are restricted to the strata near the middle part of 
Zeit Formation. However, its content usually decreases 
downward with depth. The morphology of the smectites 
under the scanning electron microscope resemble “corn-
flakes”, “maple leafs” or “honeycombs” forming a thin 
webby crust (Plate 3 a). This webby morphology is distinctive 
but not unique to smectite (Joann, 1984; Keller et al., 1986). 
Therefore, the identification of this clay mineral was mainly 
based on the X-ray diffraction analysis, EDX analysis and 
then supported by the above habits. The webby crust occurs 
as a pore-lining mat and sometimes bridges across the pore 
throats (Plate 3 b, c & d), thus reduces the permeability by 
inhibiting free fluid flow. According to Weaver (1989) “the 
climatic and the topographic conditions necessary for the 
formation of smectite are basically the opposite to those witch 
favor the formation of kaolinite”. Smectite is generally 
formed in low relief areas where poor drainage prevents the 
silica and the alkaline earth ions such as K+, Na+, Ca+2 and 
Mg+2 from being rapidly removed. Smectite normally 
develops from the weathering of basic and ultrabasic rocks or 
their metamorphic equivalents in areas of low rainfall, low 
water flux and low temperature. The peaks of the smectite are 
not sharp as those of the kaolinite, thus this indicates that part 
of the smectite is polycrystalline (Fig. 4), which implies a 
detrital origin. This detrital smectite was formed during 
intermittent hot dry periods, which had prevailed at the source 
area. However, other part of the smectite was formed 
authigenically. The bridging by the smectite webby crust, as 
seen in the micrographs of samples from the Zeit Formation, 
provides evidence for the authigenic formation of the 
smectite, sourced by alteration of feldspar and mica. The 
general decrease of the smectite with increasing depth could 
be explained by the transformation of smectite to illite. 
(D) Mixed-Layer Illite/Smectite (I/Sm) 
Moore and Reynolds (1997) mentioned three indicators that 
are crucial for the correct identification and estimation of the 
mixed-layered illite/smectite: Firstly, the diffraction pattern of 
the air dried illite/smectite is altered significantly by solvation 
with ethylene glycol, and such behaviour leads to the 
provisional identification of illite/smectite. Heating to 350° C 
for one hour provides confirmation of the identification; the 
result is a diffraction pattern similar to that of illite. Secondly, 
the ordering type (Reichweite) is determined by the position 
of the reflection between 5 and 8.5° 2 for EG-solvated 
preparations. Thirdly, the percent of illite can be determined 
by the position of the reflection near 16 to 17° 2, but a better 
way is to base the estimate on a value for  2 in the standard 
Moore and Reynold table. The mixed-layer illite/smectite 
clay minerals were encountered in most of the examined 
samples from the studied well and reach an amount of up to 
59 % at Zeit Formation (Fig. 5). Under the scanning electron 
microscope, the morphology and texture of the illite/smectite 
mixed layer minerals appear as mixture between a 
“honeycomb” morphology which is due to the smectite and 
filamentous ribbons, which is due to the illite. Examples are 
present in the SEM micrograph of the sample from Zeit 
Formation. The mixed layer I/Sm clay minerals might have 
formed by the illitization of the smectite layers due to organic 
acids which had destroyed smectite during burial diagenesis 
(Chamley, 1989). Several workers have found a close relation 
between smectite illitization and organic matter maturation 
(Johns and Shimoyama, 1972; Heroux et al., 1979). The I/Sm 
transformation has been used as a thermal maturity indicator 
(Tissot et al., 1987). However, the use of the expandable 
smectite layers in assessing the thermal maturity of the 
sediments is a less sensitive method. This is because the 
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smectite transformation during burial diagenesis is controlled 
by various factors other than temperature and depth of burial 
(Tissot et al., 1987). 
(E) Chlorite 
The characteristic basal spacing for the clay mineral chlorite 
is close to 14 Å. Swelling chlorites or pseudo-chlorites 
expand like smectites when immersed in water or ethylene 
glycol, but resist heating, where the d-spacings are kept 
constant at 14 Å and 7 Å for the reflections (001) and (002) 
respectively. The concentration of chlorite in the clay mineral 
fraction of the examined samples ranges between 1.27 – 1.30 
%. Chlorite appears only in some SEM micrographs, as 
clusters of “disc-like” chlorite crystals partly filling 
depressions within detrital grains (Plate 4 a & b). Other 
chloride platelets are stacked face-to-face in a rare beehive-
like structure (Plate 5 c). Moreover, the SEM analysis has 
confirmed some chloritization of biotite (Plate 5 d), where the 
pore-fill consists mostly of individual chlorite flakes oriented 
face-to-face and aligned parallel to original biotite cleavage 
planes. Identification of the pore-filling mineral as chlorite 
was based on the EDX spectrum during the SEM analysis. 
Chlorites are considered either as a 2:1 layer group with a 
hydroxide interlayer, or as a 2:1:1 layer group. Their typical 
structure shows a regular alternation of negatively charged 
trioctahedral micaceous layers and of positively charged 
octahedral sheets. Chlorites are common constituents of low-
grade metamorphic rocks. They are less common in igneous 
rocks, where they occur as hydrothermal alteration products 
of ferromagnesian minerals. Moreover, they may be formed 
authigenically as a direct by-product of the smectite to illite 
transformation, utilizing iron and magnesium released from 
smectite, diffused at proximity and reprecipitated together 
with silica supplied from smectite or other detrital silicates 
(Chamley, 1989). Part of the chlorite in the studied intervals 
is detrital, which derived from biotite-rich metamorphic 
source rocks during periods of a hot and dry palaeoclimate. 
However, the other part is authigenic formed by the alteration 
of biotite as has been confirmed in the SEM micrographs 
from Zeit Formation (Plate 5d). The stacked face-to-face 
“beehive-like” structure of the chlorite platelets indicates a 
authigenic formation, e.g. noted in the SEM micrograph for 
the sample from Zeit (Plate 5 c). However, chlorite was also 
formed as a direct by-product of the smectite to illite 
transformation. 
Table 1. XRD Analysis Results 







2θ=12.3 (Heat 550) 
Smec/Illite 
2θ=13.14 
2308.90 93.21 0.87 3.77 1.28 0.87 
2310.20 93.29 0.86 3.73 1.27 0.86 
2310.20 93.13 0.88 3.82 1.30 0.88 
 
 
Fig. 3.  XRD graphical charts giving a general impression about the degree of crystallinity of the clay  
minerals present in the Suakin-1 Well sample interval 2308.90 m. 
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Fig. 4.  XRD graphical charts giving a general impression about the degree of crystallinity of the clay  
minerals present in the Suakin-1 Well sample interval 2310.20 m. 
 
 
Fig. 5 XRD graphical charts giving a general impression about the degree of crystallinity of the clay  
minerals present in the Suakin-1 Well sample interval 2310.20 m. 
 
5.2. Classification of stratigraphic units of Suakin-1 well 
Classification of Zeit Formation based on the texture of the 
matrix, character of the visible pore structure and the 
constituent varieties. However, the texture of the matrix or 
crystal structure is a broad indication of the minute pore 
structure between the crystals. The porosity may be as high as 
about 25%, this pore space conceder to be (primary). Visible 
pore distribution is generally conceder to be (secondary) 
(AAPG Bulletin 1981). The three formations (Table 2) have 
secondary porosity reflected by crystal growth of carbonate 
minerals and sulphite minerals (Plate 1, 2 and 3). 
The carbonate of Shagara and Wardan Formations are marine 
originated except the lower part of Wardan which is mixed 
marine carbonate. Zeit Formation consists of three units reflect 
changes in the paleo depositional environment as follow (Table 
2): 
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i- Upper unit: Calcareous Sabkha. 
ii- Middle unit: Siliceous Sabkha rich in organic matter. 
iii- Lower unit: Mixed Sabkha deposits. 
 
Table 2. Classification of stratigraphic units of Suakin-1 well. 
Depth Formation Carbonate Facies Porosity Constituent 





Cavernous carbonate rock with carbonate of 
organic origin and micrite 
1392.87 Lower Mix Marine Poruse Carbonate rocks with clay minerals 
1597.07 
Zeit 
Upper Calcareous Sabkha 
Secondary 
Limestone, Anhydrite, Lime-Mudstone and 
anhydritic Limestone. 
2139.59 Middle 
Siliceous Sabkha rich in 
organic matters 
Detrital grains of Silicate minerals and organic 
matter. 
2679.06 Lower Mix sabkha 
Detrital carbonate associated with sulphite 
minerals and classitcs. 
 
The results of the above examined Samples will be present in 
the following (Plates 1-6). 
(A) Sample at depth (524.23m)  
This sample is selected for SEM examination in order to high 
light the textural aspects of the main components (Framework 
grains, matrix) of carbonate rocks and detrital terrigenous 
grains (mainly quartz and feldspar if present). Plate (1) 
(B) Sample at depth (1060.65m)  
This carbonate-dominated sample is selected for SEM 
examination in order to describe its micro textural aspects and 
framework components (grains, matrix, cement and pores) with 
reference to post depositional changes reference to post 
depositional changes. Plate (2) 
(C) Sample at depth (1392.87m)  
This sample is selected for both thin section petrography and 
SEM examinations. It is represented by intraclastic limestone 
where the sandy limestone lithic fragments are lumped with 
clayey lime-mud matrix. These limestone clasts are composed 
of quartz silt grains of less than 5% being embedded in lime-
mud matrix. Partly neomorphosed to five-crystalline spar each 
of these lithoclasts are coated with thin rim of clayey lime-mud 
matrix. Plate (3) 
(D) Sample at depth (1597.07m) 
This sample is selected for SEM examination. It is carbonate-
dominated, being represented by the following types: Pelletal 
limestone (sporite), Anhydritic lime-mudstone, Anhydritic 
sandstone (subarkose) and Sandy bioclastic interaclastic lime-
mudstone. Plate (4). 
 
Plate 1. SEM Micrographs Shows A: Quartz grain (f-8) set in a 
fine   grained carbonate matrix. B: Cavity (e-12) in carbonate 
rock, kept open.  C: Quartz fragment (f-11) enclosed in a porous 
carbonate. D: Carbonate grains (f-7) of possible organic origin in 
a highly porous medium. Suakin-1 Well Depth (524.23m) Shagara 
Formation, Lithologic cycle: ''B'' (lower part) 
(E) Sample at depth (2139.59m)  
This sample s selected to represent the upper part of lithologic 
cycle I of Zeit Formation (equiv.). Plate (5) 
(F) Sample at depth (2679.06m)  
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It represents the lower most sample at the drilled interval of 
Suakin-1 well. Plate (6) 
 
Plate 2. SEM Micrographs Shows A: Cavernous carbonate rock 
with carbonate of organic origin (f-9) and micrite base. Electron 
Backscattered Image. B: Cavernous carbonate consists of micro-
rhombs of calcite (d-10). The cavities are kept open. C: 
Rhombohedra of calcite of variable sizes and hence two 
generations, the smaller sizes (c-5) are younger encrusting large 
rhombs (e-6). Suakin-1 Well Depth (1060.65m) Wardan 
Formation''E'' middle part. 
 
Plate 3. SEM Micrographs Shows A: Porous carbonate rock 
hosting few barite detritus (g-5, g-10). Electron Backscattered 
Image.  B: Open micropores (h-5) in carbonate rock consists of 
calcite crystals (f-6). Electron Backscattered Image. C: Carbonate 
rock with clay minerals (g-12) and open micropores. D: Micrite 
consists of tiny carbonate crystals (I-7) with abundant micropores. 
Suakin-1 Well Depth (1392.87m). 
 
 
Plate 4. SEM Micrographs Shows A: Fractures with calcite 
crystals protruding in the open space (e-8, f-9).   B: Increase in the 
size of calcite rhombs (f-5), toward open fracture and the pores 
are kept open.  C: Pores increase in dimension close to carbonate 
rhombs (c-13).  D: Clays (d-12) associated with carbonate (g-7) 
and few barite (d-9) clasts with open micro pores. Suakin-1 Well 
Depth (1597.07m). 
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Plate 5. SEM Micrographs Shows A: Detrital grain (h-1), possibly 
silicate mineral set in a base dominated by anhydrite. B: Round 
bodies (e-8) possibly organic, set in an anhydrite-dominated base 
hosting quartz detrital grains (c-14). C: The organic bodies are 
ruptured due to exposure to electron beam during EDAX analysis. 
This confirms its organic nature.  D: Ruptured (d-7) organic 
bodies subjected to electron beam in association with other 
untreated round organic body (g-14) in an anhydrite-dominated 
base. Suakin-1 Well Depth (2139.59m). 
 
 
Plate 6. SEM Micrographs Shows A: Large quartz grains (c-12), 
some with silica overgrowth (d-4) coated with detrital carbonates 
and barite (white). B: Barite (white) detrital grains in cracked 
porous micritic base.  C: Detrital carbonate associated with barite 
detritus (c-13) in a porous medium.  D:  Euhedral carbonate 
rhombic crystals (f-7) with micrite base (c-15). Suakin-1 Well 
Depth (2679.06 m). 
6. Conclusion 
The study of the clay minerals has involved two analytical 
techniques, X-ray diffraction and Scanning Electron 
Microscopy (SEM). Three clay rich samples from the study 
intervals of Suakin -1 well have been analyzed with the (XRD) 
technique. In addition two mudstone, claystone and sandstone 
core samples from Suakin -1 well have been examined by 
SEM. The interval 1720-8790 m of Suakin-1 based on the SEM 
examination of 15 samples is characterized by the carbonates, 
mostly calcite that prevails in the tied samples, some of organic 
origin at depth (524.23m), (1542.21m), (1685.46m). Anhydrite, 
the common associate of the carbonates, is observed only at the 
following depths: (804.63m), (1060.65m), (1210.00m) and 
(1685.46m). Celestite (strontium sulphate mineral), confirmed 
by EDAX analysis, is a diagenetic mineral developed possibly 
during the transformation of aragonite (CaCO3) to calcite 
(CaCO3) after burial. The mineral is partially altered to micritic 
carbonate. It is recorded at depth (1210.00m). Barite detrital 
crystal fragments prevail in depth (2520.57m) and is also 
recorded at (1392.87m), (1429.44m) and (2276.74m). Siderite 
is recorded at depth (1205m). Silica overgrowth on detrital 
quartz grains is observed depth (2017.68m) and (2679.06m). 
The overgrowth is extensively corroded at (2017.68m). Large 
carbonate rhombs display the effect of pressure solution by 
creating intracrystalline zigzag open pore spaces at depth 
(1597.07m).  Three clay mineral species were identified from 
the size fraction of less than two micron using the procedures. 
A quantitative estimate of the clay mineral composition was 
computed mainly from the ethylene-glycol solvated XRD 
patterns. In addition some XRD graphical charts have given a 
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مجلة افریقیا لعلوم األرض
المجلد الثاني ، ٢٠١٩
كلیة اندیمي للمعادن والنفط
جامعة افریقیا العالمیة
مجلة علمیة محكمة
